1. Introduction. Hess [1964] has recently called attention to the possibility that anisotropy in the oceanic upper mantle is detectable in the seismic refraction work of Raiti [1963] near the Mendocino fracture zone and of Shot [1964] near Maui. The observation is that the speed of the P headwave just below the Mohorovicic discontinuity (M) appears to depend on the azimuth of the line joining shot point and receiver.
It is my purpose in the present note to indicate how an arbitrary small anisotropy in the upper mantle will affect the azimuth dependence of the measured speeds of P and S headwaves just below the M discontinuity. I hope this information may be useful in the design of experiments to study possible horizontal anisotropy in more detail.
2. Formulaitoh of ihe problem. In principle, refraction shooting can give the azimuth dependence of the P and S wave velocities just below the M discontinuity. In practice, usually only the P wave velocity is measurable (Raitt, private communication, 1964 ), but it is of some interes.t to see what could be learned from the S wave velocities if they were available.
What is obtained by the analysis of traveltime curves in refraction shooting is the magnitude of lhe group velocity of the P or S body wave in the upper mantle just below the M discontinuity when the direction of that group. velocity is along the line joining shot point and receiver (both shot point and receiver are assumed to be very near the surface of the ocean). Thus refraction shooting on several azimuths shows how the magnitude of the P or S wave group velocity depends on the direction of that group velocity, when the direction lies in the horizontal plane (more precisely, the plane of •the M discontinuity). The ma.thematical problem is therefore to determine how P and S wave group velocities. vary in magnitude as their directions vary in a prescribed plane. In a general anisotropic medium this problem involves considerable computation. When, as in the present case, the medium is nearly isotropic, the problem is much simplified.
The first simplification is that, to first order in the anisotropy, the azimuth dependences of group and phase velocities are the same. To see this, consider a wave whose dispers'ion rela- The above remarks show that, correct to first order in the anisotropy, in refraction shooting phase velocity is measured as a function of direction of the propagation vector. It is my purpose in this paper to deduce the form of this function in the most general slightly anisotropic, perfectly elastic medium.
Some techniques for recognizing the arrival of the signal propagated along a particular type of ray path at various receivers involve matching the arriving wave forms. The simplicity of these techniques depends on the absence of dispersion in the body waves propagated by the various layers. A perfectly elastic anisotropic medium is nondispersive in the sense that all P waves (or S waves of type I or type 2) propagating in a given direction have the same phase velocity. However, the phase velocity's dependence on direction makes the medium dispersive for all but plane wave fronts. Since explosions do not generate plane wave fronts, it can be anticipated that if the mantle were very anisotropic the signal-matching technique might require prefiltering of the signals to remove dispersivc distortion. The calculation leading to (2) shows that if the anisotropy is small this prefiltering is unnecessary, in the sense that omitting it leads to errors in the picking of arrival times which are of second order or smaller in the anisotropy.
3 on r* differs from that on the true ray by a quantity of second order in */i and •iiL. This second-order error will be neglected so that the travel time on the true ray can be equated to the travel time on r*. Now if c*, the curve of intersection of p* and the M discontinuity is concave downward, there will be many rays in p* joining P and Q which have stationary travel time (subject to the constraint that they lie in p*). One of these rays will arrive at c* at the critical angle of refraction and will travel along c*; the others will arrive at c* with angles of refraction slightly less than critical, will enter the mantle as straight lines, will perhaps be totally reflected several times from the M discontinuity, and finally will leave the mantle with angles of refraction slightly less than critical. Fortunately, the question of which of these infinitely many rays should be called r* and used to compute V;uA(qb) need not be discussed; correct to first order in r/i and •iiL, all rays in question have the same travel time. To prove this, consider from the ray PNN'Q, which ray will be taken to be r*.
To summarize, v•a(•) can always be calculated correctly to first order in V• and K•iL by assuming that the signal has traveled in the plane p*, obeying Snell's law as it descends from P to the M discontinuity, traveling along the intersection of p* and the M discontinuity, and obeying Snell's law again as it rises from the M discontinuity to Q.
To calculate v•a (•), draw vertical lines through N and N' (see Figure 2) . As the point Q moves to the right, the horizontal distance R between these lines changes by an amount $R, and the angle r' between QN' and the vertical changes by an amount St', while the depth of N' below the surface PQ increases by $xa. We regard R rather than S as the independent variable. Suppose the crust and ocean can be divided into n •-1 homogeneous layers (the argument is the same for a continuously varying crust, but sums are replaced by integrals), the thickness of the yth layer being 1,, its P velocity being v,, and the inclination of the ray N'Q to the vertical in the yth layer being r,. Equation 34 gives the effect of a slightly sloping, slightly warped M discontinuity when the crust is other•se horizontally stratified and all materials are isotropic. Now consider the effect of slight horizontal variations in the properties of an isotropic crust and ocean, the M discontinuity being a horizontal plane and the uppermost mantle being isotropic and homogeneous. The properties of the ocean and crust are assumed to be described by (32).
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